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Specification 

1 . Title of the Invention 

Manufacturing Method of Semiconductor Device 
5 2. Scope of Claim 

A manufacturing method of a semiconductor device, comprising: 

a step of forming an interlayer insulating film on a semiconductor substrate and 

forming a photoresist pattern having a window for etching to form a contact hole 

thereon; 

10 a step of etching the interlayer insulating film to part of its thickness using the 

photoresist pattern as a mask under an etching condition where a pressure of a 
semiconductor etching apparatus is set to a high pressure and ion sputtering in a vertical 
direction becomes dominant, to form a contact hole into a perpendicular groove shape, 
corresponding to the window of the photoresist pattern, in the interlayer insulating film; 

15 a step of widening the window of the photoresist pattern; and 

a step of performing etching again using the resist pattern as a mask under an 
etching condition where the pressure of the semiconductor etching apparatus is set to a 
low pressure and ion sputtering in a vertical direction and deposition in a horizontal 
direction are performed at the same time, to form an upper part of the contact hole into a 

20 tapered shape and make a bottom part of the contact hole penetrate, with a tapered shape, 
to reach the semiconductor substrate. 
3. Detailed Description of the Invention 
[Field of Industrial Application] 

This invention relates to a manufacturing method of a semiconductor device, in 

25 particular, a method for forming a contact hole for connecting a semiconductor substrate 
and a metal wiring into a tapered shape in an interlayer insulating film. 
[Conventional Art] 

As one conventional technique for forming a contact hole in a semiconductor 
device into a tapered shape, there is a method for forming a contact hole by etching in a 
30 low pressure region with the use of a parallel plate type reactive ion etching apparatus 
using a gas capable of formation of a deposition film, such as CHF 3 or CF4. In this 
method, ion sputtering in a vertical direction and deposition in a horizontal direction are 
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performed at the same time, and a contact hole is formed into a tapered shape. In 
addition, in this method, the angle of the tapered shape can be controlled depending on 
the pressure. 

[Problems to be Solved by the Invention] 
5 However, in the above-described conventional formation method, since the 

contact hole has a tapered shape for the whole depth, there has been a problem in that 
the size of the upper part of the contact hole is extremely enlarged compared to the size 
of the bottom part of the contact hole when the contact hole is deep. For example, as 
illustrated in FIG 3, a contact hole 3 is formed with a depth of 2 urn and a taper of 9 = 
10 63° in a BPSG film (interlayer insulating film) 2 on a silicon substrate 1 . At this time, 
the size of the upper part of the contact hole 3 becomes 3 um in order to obtain a size of 
1 um at the bottom part. In addition, there has been also a problem in that when the 
taper angle 6>is set constant, the size of the upper part varies depending on the depth of 
the contact hole. 

15 It is an object of this invention to provide a manufacturing method of a 

semiconductor device, capable of forming a tapered contact hole that is advantageous in 
miniaturizing and highly integrating LSI, in which the following problems are solved: 
the size of the upper part of the contact hole is extremely enlarged compared to the size 
of the bottom part and the size of the upper part of the contact hole depends on the depth 

20 thereof as described above. In addition, in this method, the size of the upper part is not 
unnecessarily enlarged. 
[Means for Solving the Problems] 

According to this invention, only an upper part and a lower part of a contact 
hole are formed to be tapered in a manufacturing method of a semiconductor device, 

25 particularly in a method for forming a contact hole in an interlayer insulating film. 

In specific, first, an interlayer insulating film is formed on a semiconductor 
substrate and a photoresist pattern having a window for etching to form a contact hole is 
formed thereon. Next, the interlayer insulating film is etched to part of its thickness 
using the photoresist pattern as a mask under an etching condition where the pressure of 

30 a semiconductor etching apparatus is set to a high pressure and ion sputtering in a 
vertical direction becomes dominant, whereby a contact hole is formed into a 
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perpendicular groove shape, corresponding to the window of the photoresist pattern, in 
the interlayer insulating film. After that, the window of the photoresist pattern is 
widened. Then, etching is performed again using the photoresist pattern as a mask 
under an etching condition where the pressure of the semiconductor etching apparatus is 
5 set to a low pressure and ion sputtering in a vertical direction and deposition in a 
horizontal direction are performed at the same time, whereby the upper part of the 
contact hole is formed to be tapered and the bottom part of the contact hole is made to 
penetrate, with a tapered shape, to reach the semiconductor substrate. 
[Operation] 

10 In this invention as described above, only an upper part and a lower part of a 

contact hole have a. tapered shape. Thus, by setting the thicknesses of the upper part 
and the lower part constant, the size of the upper part of the contact hole can be constant 
regardless of the depth thereof. In addition, even when the contact hole is deep, the 
size of the upper part is not extremely enlarged compared to the size of the bottom part. 

15 Note that, in this invention described above, a contact hole is etched into a 

perpendicular shape or a tapered shape by controlling the pressure of a semiconductor 
etching apparatus. That is, in a semiconductor etching apparatus, specifically, in a 
parallel plate type reactive ion etching apparatus, when a gas capable of formation of a 
deposition film, such as CHF 3 or CF 4 , is used and the pressure is set to a high pressure, 

20 ion sputtering in a vertical direction becomes dominant between the ion sputtering in a 
vertical direction and deposition in a horizontal direction, and etching is performed 
perpendicularly. On the other hand, when the pressure is set to a low pressure, ion 
sputtering in a vertical direction and deposition in a horizontal direction are performed 
at the same time, whereby etching is performed to obtain a tapered shape. Note that 

25 specific numerical values of high pressure and low pressure greatly vary from one 
apparatus to another and cannot be generally defined. 
[Embodiment] 

Hereinafter, one embodiment of this invention is described with reference to 

FIG 1. 

30 In one embodiment, first, as illustrated in FIG. 1 (a), a BPSG film (a film of 

silicate glass containing boron and phosphorus) 12 is formed on a silicon substrate 11 as 
an interlayer insulating film to be 1.5 um thick by a CVD method. Further, a 
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photoresist pattern 13 (having, in part thereof, a window 14 for etching to form a 
contact hole with a diameter of 0.8 urn) is formed thereon. 

Next, the photoresist pattern 13 is used as a mask, and the BPSG film 12 is 
etched to part of its thickness with the use of a parallel plate type reactive ion etching 
5 apparatus, whereby, as illustrated in FIG 1 (b), a contact hole 15 with a perpendicular 
groove shape is formed, corresponding to the window 14, in the BPSG film 12. At this 
time, a gas obtained-by mixing CHF 3 , CF 4 , and Ar at a flow ratio of 3:3:40 is used as an 
etching gas, and the pressure is set to a high pressure of 1.7 Torr. Further, the 
high-frequency power is set to 750 W with a frequency of 400 MHz. When etching is 

1 0 performed with the use of the parallel plate type reactive ion etching apparatus under the 
above condition, ion sputtering in a vertical direction becomes dominant because the 
pressure is a high pressure of 1.7 Torr; consequently, the contact hole 15 is formed into 
a perpendicular shape as described above. At this time, according to the above 
condition, the etching rate of the BPSG film 12 is 1 um/min. Etching is performed at 

15 this rate for about 1.3 minutes, and the contact hole 15 is formed into a groove shape 
(concave shape) with a depth of about 1.3 urn in the BPSG film 12 which is 1.5 urn 
thick. 

Then, etching is performed for about 45 seconds with the use of a chemical dry 
etching apparatus using a gas obtained by mixing CF 4 and O2 at 1:1 as an etching gas 
20 under a.condition where the pressure is 1 .0 Torr and the high-frequency power is 200 W 
with a frequency of 13.56 kHz, whereby the photoresist is made to recede in a 
horizontal direction. Thus, as illustrated in FIG 1 (c), the window 14 of the 
photoresist pattern 13 is widened. At this time, the window 14 is widened by 0.2 urn 

25 Next, the photoresist pattern 1 3 in which the window 1 4 is widened is used as a 

mask again, and the BPSG film 12 is etched again with the use of the parallel plate type 
reactive ion etching apparatus under the condition which is the same as that of the first 
etching, where only the pressure is switched to a low pressure of 0.5 Torr. Thus, as 
illustrated in FIG 1 '(d), while the upper part of the contact hole 15 is processed into a 

30 tapered shape, the bottom part of the contact hole 1 5 is made to penetrate, with a tapered 
shape, to reach the silicon substrate 11. At this time, the pressure of the parallel plate 
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type reactive ion etching apparatus is a low pressure of 0.5 Torr. Therefore, ion 
sputtering in a vertical direction and deposition in a horizontal direction are performed 
at the same time, whereby etching is performed to obtain a tapered shape as described 
above. 

5 As described above, the contact hole 15 having a taper only in the upper part 

and the lower part is completed as illustrated in FIG 2. By this contact hole 15, a size 
2a in the upper part is constant regardless of the depth of the contact hole, by keeping 
thicknesses d of the tapered portions in the upper part and the lower part constant. In 
addition, even when the contact hole is deep, the size 2a of the upper part is not 

1 0 extremely enlarged compared to a size a of the bottom part. 
[Effect of the Invention] 

As described above, according to the manufacturing method of this invention, 
only the upper part and the lower part of the contact hole can be formed into a tapered 
shape. Therefore, the size of the upper part of the contact hole can be prevented from 

15 being enlarged too much depending on the depth thereof, and the size of the upper part 
can be prevented from being extremely enlarged compared to the size of the bottom part 
when the contact hole is deep. Further, the size of the upper part can be prevented 
from being unnecessarily enlarged. Accordingly, a tapered contact hole that is 
advantageous in miniaturizing and highly integrating LSI can be obtained. 

20 4. Brief Description of the Drawings 

FIG. 1 is a process cross-sectional view illustrating one embodiment of a 
manufacturing method of a semiconductor device according to this invention. FIG. 2 
is a cross-sectional view illustrating a contact hole formed in accordance with one 
embodiment of this invention. FIG. 3 is a cross-sectional view illustrating a contact 

25 hole formed in accordance with a conventional method. 

11. ..silicon substrate, 12...BPSG film, 13... photoresist pattern, 14. ..window, 
15... contact hole. " 

Applicant: Oki Electric Industry Co., Ltd. 
30 Agent: Patent Attorney KIKUCHI Hiroshi 
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Abstract of JP 4076915 (A) 

PURPOSE:To prevent the unnecessary 
enlargement of the size of an upper part and to 
make it possible to form a tapered contact hole 
which is advantageous for the miniaturization and 
the high integration density of an LSI by forming the 
tapered parts only at the upper part and the lower 
part of the contact hole. CONSTITUTIONS contact 
hole 15 is formed in a groove shape (recess shape) 
in a BPSG film 12. Then, etching is performed with a 
chemical dry etching apparatus, and a window 14 of 
a photoresist pattern 13 is widened. Then, the 
photoresist pattern 1 3 wherein the window 1 4 is 
widened is used as the mask again. The pressure is 
changed to the low pressure with a parallel-plate- 
type reaction ion etching apparatus, and the film 12 
is etched. The upper part of the contact hole 15 is 
made to be the tapered shape. The bottom part of 
the contact hole 15 is made to penetrate into a 
silicon substrate 1 1 in the tapered shape. In this 
way, the extreme enlargement of the size of the - 
upper part is prevented, and the tapered contact 
hole which is advantageous for the achievement of 
the miniaturization and the high integration density 
of the LSI can be obtained. 
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